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 ,QWURGXFWLRQ
$OXPLQXPFRPSRVLWHIRDPHGPDWHULDOVKDYHPDQ\DGYDQWDJHVVXFKDVUHODWLYHO\KLJKVWLIIQHVVLQVSLWHRIYHU\
ORZGHQVLW\ H[FHOOHQW QRLVH DEVRUSWLRQ DQG YLEUDWLRQ VXSSUHVVLRQ DQG UHF\FOLQJZLWK HDVH )DEULFDWLRQ E\PHWDO
FDVWLQJ HQDEOHV WKH SURGXFWLRQ RI DOXPLQXP FRPSRVLWH IRDPHG ZKLFK LV FRPSHWLWLYH LQ SULFH UHGXFWLRQ RI
HQYLURQPHQWDOSROOXWLRQDQGOLJKWZHLJKWEHFDXVHSURGXFWVIDEULFDWHGE\VWLUFDVWLQJDUHFKHDSHUWKDQWKRVHZKLFKDUH
IDEULFDWHGE\RWKHUSURFHVVHV7KHSURSHUWLHVRIDOXPLQXPFRPSRVLWH IRDPGHSHQGRQ WKHSRO\KHGUDOVWUXFWXUHRI
FHOOV $ IHZ UHVHDUFKHV UHODWHG WR WKLV FHOO W\SH KDYH EHHQ PDGH ,QVX HW DO  SHUIRUPHG H[SHULPHQWV WR
LQYHVWLJDWH WKHHIIHFWVRI WKH FHOO VL]HDQGVKDSHRQG\QDPLFFRPSUHVVLYH VWUHQJWK0LOOHUSURSRVHGDFRQWLQXRXV
SODVWLFPRGHOIRUPXODLQDQGVKRZHGWKHEHKDYLRURIWKHIRDPHGDOXPLQXP(YDQVHWDO>LQ@LQYHVWLJDWHG
WKH UHODWLRQ EHWZHHQ UHODWLYH GHQVLW\ DQG PHFKDQLFDO SURSHUWLHV RI IRDPHG DOXPLQXP /L HW DO  DOVR
LQYHVWLJDWHGWKHHIIHFWVRIFHOOVL]HRQWKHFRPSUHVVLYHVWUHQJWKDQGHQHUJ\DEVRUSWLRQ
,Q WKH DERYH VWXGLHV RI FRPSRVLWH DOXPLQXP IRDP LW ZDV REVHUYHG WKDW IOXLGLW\ RI WKH PDWUL[ WR JHW XQLIRUP
GLVSHUVLRQRIWKHEORZLQJSDUWLFOHVDQGDOVRWKHYLVFRVLW\RIWKHPDWUL[WRSUHYHQWWKHHVFDSHRIEORZLQJJDV&2
ZKLFK LV FUHDWHG E\ GHFRPSRVLWLRQ RI &D&2 GXULQJ IRDPLQJ SURFHVV LV DQ LPSRUWDQW IDFWRU 7KH UHODWLRQVKLS
EHWZHHQVWUXFWXUHDQGSURSHUWLHVDUH WKHSUHUHTXLVLWHV IRU LQGXVWULDODSSOLFDWLRQVRI WKHDOXPLQXPFRPSRVLWH IRDP
PDWHULDOV ,Q WKH FRPSRVLWH WKHYLVFRVLW\ FDQEH FKDQJHGE\ DGGLWLRQ WKH FRXUVHSDUWLFOHV LQ WKHPHOW ,QRUGHU WR
VWXG\ WKHLU LQIOXHQFHV RQ WKH SURFHVVLQJ SDUDPHWHUV VXFK DV IRDPLQJ DJHQW FRQWHQW DGGLWLRQ DPRXQW RI FHUDPLF
SDUWLFOHVWHPSHUDWXUHKROGLQJWHPSHUDWXUHDQGKROGLQJWLPHLQWKHPHOWZHUHRSWLPL]HGDQGWKHLULQIOXHQFHRQWKH
IRDPLQJSRO\KHGUDOVWUXFWXUHZDVLQYHVWLJDWHG
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VWLUUHGXVLQJDJUDSKLWHLPSHOOHUDWDVSHHGUSPWRFUHDWHYRUWH[>.XPDUHWDO>@7KHLPSHOOHUEODGHVZHUH
GHVLJQHG LQ VXFK ZD\ WKDW LW KHOSV LQ YRUWH[ IRUPDWLRQ RQ WKH SHULSKHU\ RI WKH YRUWH[ ZW ]LUFRQ VDQG DV
UHLQIRUFHPHQWSDUWLFOH VL]HUDQJHȝPZDVDGGHGLQVLGHWKHPROWHQPHWDO,WKHOSVLQLQFUHDVLQJWKHYLVFRVLW\
:KHQWKHYLVFRVLW\RIWKHPHOWUHDFKHGDFULWLFDOYDOXHWKHIRDPLQJDJHQWZHLJKWSHUFHQWDJHZDVDGGHGWRWKH
PHOW$WWKHVDPHWLPHWKHPL[WXUHZDVVWLUUHG DWDVSHHGRIUSPWRDFKLHYHWKHKRPRJHQHRXVGLVSHUVLRQRIWKH
EORZLQJSDUWLFOHVLQWKHZKROHPHOW7KHHQWLUHPROWHQPDVVLQVLGHWKHFUXFLEOHZDVKHDWHGWR&DQG&$W
WKLVVWDJHEXEEOHVLQWKHPHOWJUHZZLWKWKHKROGLQJWLPHPLQXQWLO D SRO\KHGUDO VWUXFWXUHZDVIRUPHG'XULQJ
WKH KROGLQJ SHULRG WKH VWUXFWXUH RI WKH PHOW FKDQJHV 7KH VWUXFWXUH RI WKH ILQLVKHG SURGXFW ZDV GHWHUPLQHG E\
HYROXWLRQ RI EXEEOHV LQ WKH IRDPLQJPHOW LQ WKLV SHULRG 7DEOH , VKRZV WKH OLVW RI SURFHVVLQJ SDUDPHWHUV IRU WKH
GHYHORSPHQWRIIRDP
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5HVXOWVDQGGLVFXVVLRQ
(IIHFWRIIRDPLQJWHPSHUDWXUHRQ DOXPLQXP FRPSRVLWHIRDPHGPDWHULDO
'XULQJ GHFRPSRVLWLRQ RI &D&2 WKH JDV EXEEOH JLYH D VSKHULFDO VORSH WR WKH PROWHQ PDVV 7KH VSKHULFDO FHOOV
FKDQJHWRSRO\KHGURQFHOOVDVWKHIRDPLQJWHPSHUDWXUHLV LQFUHDVHGIURP&WR&7KHHIIHFWRIIRDPLQJ
WHPSHUDWXUHRQ WKHSRO\KHGURQVKDSHGFHOOVRIDOXPLQXPFRPSRVLWH IRDPVDPSOHV LVH[SODLQHG LQ WKLVVWXG\7KH
REVHUYHGSRO\KHGURQVKDSHRIWKHFHOOVDUHVKRZQLQILJ,WLVHYLGHQWWKDWVDPHRIWKHFHOOVDUHVSKHULFDODQGPRVW
RIWKHVHDUHHOOLSWLFDOLQVKDSH7KLV HOOLSWLFDOPRUSKRORJ\FKDQJHWRSRO\KHGURQDWODWHUVWDJH0RUHRYHU VRPH DUH
KDYLQJEODGHVKDSHRIWKHIDFHRISRO\KHGURQ$FFRUGLQJWR%DQKDUWLQ>@WKHDYHUDJHWKLFNQHVVRIWKHFHOOZDOO
WHQGVWRPDLQWDLQDFHUWDLQYDOXHDQGGRHVQRWFKDQJHZLWKWKHUHODWLYHGHQVLW\$VWKHFHOOVL]HGHFUHDVHVWKHFHOO
QXPEHUZLOOLQFUHDVHWRNHHSWKHSRURVLW\DWDFHUWDLQOHYHO:LWKUHVSHFWWRWKHHIIHFWRIWKHJHRPHWULFSDUDPHWHUV
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GHFUHDVHGFHOOIDFHDQGLQFUHDVHGWKLFNQHVVRIWKHFHOOZDOOHQKDQFHWKHFRPSUHVVLYHVWUHQJWKRIWKHDOXPLQXPIRDP
PDWHULDO >5DELHLHWDO@7KHHIIHFWVRIFHOOZDOODQGFHOO IDFHPLFURVWUXFWXUHVZKLFKDUH IRUPHG GLIIHUHQWO\
GHSHQGRQWKHSURGXFWLRQSURFHVVHVDQGWKHFRPSRVLWLRQRIWKHFHOOZDOO¶VUDZPDWHULDOV
)LJ 0DFURVFRSLFLPDJHRIDOXPLQXPFRPSRVLWHIRDPZLWKZWEORZLQJDJHQW&D&2 DWD&DQGE
&
7KHVH3RO\KHGURQVWUXFWXUHV RIDOXPLQXPFRPSRVLWHIRDPZKLFKZHUHSURGXFHGDWGLIIHUHQWIRDPLQJWHPSHUDWXUHV
LVVKRZQLQ )LJ,WUHYHDOVZLGH YDULDWLRQLQFHOOVWUXFWXUHZLWKYDULDWLRQLQIRDPLQJWHPSHUDWXUHVZKLFKLVVKRZQ
LQ )LJ D	E$VDUHVXOWWKHGHQVLW\SRURVLW\DYHUDJHFHOOVL]HDQGFHOOZDOOWKLFNQHVVRISRO\KHGURQVWUXFWXUHRI
DOXPLQXP FRPSRVLWH IRDP KDG FKDQJHG DV IRDPLQJ WHPSHUDWXUHZDV LQFUHDVHG7DEOH ,, JLYHV WKH FKDQJH LQ WKH
VWUXFWXUDOSDUDPHWHUVRI DOXPLQXPFRPSRVLWHIRDP GHYHORSHGDWGLIIHUHQWIRDPLQJWHPSHUDWXUH
7DEOH,, (IIHFWRIWKHIRDPLQJWHPSHUDWXUHRQWKHSRO\KHGURQVWUXFWXUHRIDOXPLQXPFRPSRVLWHIRDP
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)LJXUHD VKRZVWKHVWUXFWXUHRIIRDPGHYHORSHGDW&,WGHSLFWVQHDUO\XQLIRUPFHOOVL]HVPDOOVL]HRIQRGH
DQGODUJHOLJDPHQWOHQJWKRIFHOO $WWKLVWHPSHUDWXUHWKHHTXLOLEULXPSUHVHQFHRIFDUERQGLR[LGHJDVLQFUHDVHVGXH
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WRWKHGHFUHPHQWLQYLVFRVLW\RI WKHDOOR\ZKLFKLVVXIILFLHQWHQRXJKIRUWKHGHYHORSPHQWRISRO\KHGURQVWUXFWXUHRI
IRDPPDWHULDO$FFRUGLQJ WR0L\RVKLHW DO LQ >@ WKHXQLIRUPLW\RI ILQDOEXEEOH VL]HDQG WKH WRWDOYROXPHRI
SRURVLW\ UHODWHG WR WKHFDUERQGLR[LGHJDVFRQWHQW LQ WKHPHOWDOOR\DUHGHWHUPLQHGE\ WKHJURZWK UDWHEHWZHHQ D
EXEEOHDQGVROLGOLTXLGLQWHUIDFH )LJXUH VKRZVWKHUHVXOWDQWPRUSKRORJ\RIUHJXODUO\VKDSHGFHOOVDVZHOODVWKH
RYHUJURZWKRIVRPHRI WKHFHOOVDW&IRDPLQJ WHPSHUDWXUH$V WKH WHPSHUDWXUH LV LQFUHDVHG WKHJDVSUHVVXUH
DOVRLQFUHDVHV
)LJ 0DFURVFRSLFLPDJHRIDOXPLQXPFRPSRVLWHIRDPZLWKZWEORZLQJDJHQW&D&2 DW&DOLJDPHQW
OHQJWKDQGEQRGHVL]HRIWKHVDPSOH
)RUPDWLRQRI WKHVHSRO\KHGURQVWUXFWXUHV LVGXH WR WKHXQLIRUP JURZWKRIJDVEXEEOHVFDXVHGE\ KLJKHUSUHVVXUH
7KH FHOO ZLWK GLIIHUHQW VL]H RI IODW IDFH LV JHQHUDWHG GXH WR WKH GLIIHUHQW JDV SUHVVXUH LQ EXEEOHV )RDPLQJ
WHPSHUDWXUH DQG GLIIHUHQW JDV SUHVVXUH GLUHFWO\ DIIHFW WKH VXUIDFH WHQVLRQ RI PHOW DQG WKH IRDPLQJ DJHQW
GHFRPSRVLWLRQ'HFUHPHQWLQWKHDYHUDJHFHOOVL]HLPSURYHVWKHVWUHQJWKRIWKHFRPSRVLWHIRDPVE\VKDULQJWKHORDG
ZLWKVPDOOHUFHOOVKRZHYHUWRRVPDOODYHUDJHFHOOVL]HFDQLPSDLUWKH VWUHQJWKEHFDXVHJHQHUDOO\PHWDOVFDQQRWKROG
WKH LQWHJULW\RI WKHQHZFHOOZDOOV7KHGHQVLILFDWLRQVWUDLQKDUGO\FKDQJHVZLWK WKHYDU\LQJDYHUDJHFHOO VL]HDQG
IL[HG SRURVLW\7KH SUHVVXUH DQG IORZ UDWH RI JDV LQ OLTXLG DOXPLQXPGHSHQGV RQ WKH YLVFRVLW\ RI OLTXLG VXUIDFH
WHQVLRQIHHGLQJUDWHRIEORZLQJDJHQWDQGLWVSDUWLFOHVL]HDQGDPRXQWDQGWKLVSUHVVXUHDQGIORZUDWHRIJDVHIIHFW
RQ WKH FHOO IDFH OLJDPHQW OHQJWK DQG QRGH ZKLFK LV VKRZQ LQ )LJ D DQG E:KHQ WKH IRDPLQJ WHPSHUDWXUH
LQFUHDVH IURP & WR &GHFRPSRVLWLRQ UDWHRIEORZLQJDJHQW LQFUHDVHVDQGYLVFRVLW\GHFUHDVHV WKHQ WKH
SUHVVXUHDQGIORZUDWHRIJDVLQFUHDVHVZKLFKOHDGVWRFKDQJHWKHSRO\KHGURQVWUXFWXUHRIIRDPPDWHULDOV
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)LJ 6(0LPDJHRIDOXPLQXPFRPSRVLWHIRDPZLWKZWEORZLQJDJHQW&D&2 DW&DFHOO
PRUSKRORJ\DQGEFHUDPLFSDUWLFOHLQWKHFHOO
7KHZHWWDELOLW\RIWKHFHUDPLFSDUWLFOHV LQPROWHQ DOOR\LVQRWWKHRQO\GRPLQDWLQJIDFWRUEXWLWSURYLGHVWKHVWDELOLW\
IRUWKHIRDPZKLFKLVJUHDWO\GHSHQGHQWRQWKHGUDLQDJHDQGUXSWXUHRIWKHFHOOZDOOVHSDUDWLQJWKHJDVEXEEOHV7KH
UROH RI WKH SDUWLFOHV LQ WKH GUDLQDJH DQG UXSWXUH SURFHVV DIIHFWV WKH IRDP VWDELOLW\ )LJ  D DQG E 7KH KLJKHU
YLVFRVLW\LVUHVSRQVLEOHWRVORZGRZQWKHOLTXLGIORZZKLFKUHWDUGVWKHFHOOZDOOGUDLQDJHEHIRUHLWVROLGLILHVGXULQJ
WKHDGGLWLRQRIFHUDPLFVSDUWLFOHVLQWKHDOOR\PHOW>5DELHL LQ@$SDUWIURPWKHLUHIIHFWRQPHOWYLVFRVLW\WKH
FHUDPLFSDUWLFOHVKDYHDQ LPSRUWDQW LPSDFWRQ IRDPVWDELOLW\ WKURXJK WKHLUDWWDFKPHQW WR WKHJDVOLTXLG LQWHUIDFH
ZKLFKFKDQJHV WKH LQWHUIDFLDO FXUYDWXUHVDQG UHGXFHV WKHFDSLOODU\SUHVVXUHGLIIHUHQFHEHWZHHQ WKHSODWHDXERUGHU
DQGWKHFHOOZDOORIWKHDOXPLQXPFRPSRVLWHIRDP
&RQFOXVLRQ
7KH DOXPLQXPFRPSRVLWHIRDPVDUHSUHSDUHGXQGHUGLIIHUHQWIRDPLQJFRQGLWLRQVZKLFKKDYHSRO\KHGURQVWUXFWXUH
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